grazing incidence and fluorescence or reflectivity detection has been develope4 at the SRS of the Daresbury Laboratory. The instrument has been used to study actinide behaviour during the water corrosion of borosilicate glasses for high-activity radioactive waste disposal (11. The effect of the corrosion may be the formation of a layered structure on the surface of the glass; this possibility may introduce ambiguities into the interpretation of the results. There was therefore interest in looking at the behaviour of known layered structures. This paper describes some tests of the instrument with samples in the form of single or double films evaporated onto polished flat borosilicate substrates.
The angular scale of such measurements is set by the critical angle 9 , for total external reflection, approximately given by the expression vF 1.64 XJp mrad, where A is the wavelength in A and p is the density in g ~m -~. For grazing angles rp Consider a double f i l m , where t h e lower f i l m has a higher e l e c t r o n d e n s i t y t h a n t h e upper f i l m , f o r example P t below Cu, on a f l a t g l a s s s u b s t r a t e . How w i l l t h e i n t e n s i t y of P t fluorescence depend upon t h e grazing angle q? Fluorescence w i l l be observable only i f 9 is l a r g e enough f o r t h e p e n e t r a t i o n depth through t h e upper f i l m t o be g r e a t e r than t h e f i l m t h i c k n e s s . For f i l m t h i c k n e s s e s of a few hundred A , t h i s means 9 j u s t g r e a t e r than t h e c r i t i c a l angle f o r t h e upper f i l m .
Thus it is necessary t o consider t h e X-ray o p t i c s f o r a t h i n f i l m of Cu with vacuum on one s i d e and a more dense medium ( e . g. P t ) on t h e o t h e r s i d e .
The t h i c k n e s s of t h e P t l a y e r w i l l be assumed t o be i n f i n i t e . Suppose X-rays a r e i n c i d e n t a t a grazing angle 9 on a Cu f i l m of t h i c k n e s s h , with r e f r a c t i v e index n , , on a P t s u b s t r a t e with r e f r a c t i v e index n,.
The q u a n t i t i e s t o be c a l c u l a t e d a r e t h e r e f l e c t i v i t y R = I r l 2 and T = I t l 2 , where r and t a r e t h e r e f l e c t i o n and The m a t e r i a l c o n s t a n t s used were f o r X s 1.05 A ( j u s t above P t L I I I edge). The c r i t i c a l angles f o r t h e pure m a t e r i a l s a r e 5.1 mrad f o r Cu and 8.0 mrad f o r P t .
The q u a n t i t y T g i v e s a measure of t h e p e n e t r a t i o n of t h e X-ray beam i n t o t h e P t , s o it w i l l be r e l a t e d t o t h e magnitude of t h e P t fluorescence s i g n a l . For 9 -5 mrad -i .e. i n t h e v i c i n i t y of t h e Cu c r i t i c a l angle -a s t h e f i l m t h i c k n e s s h is increased, T decreases. The
P t is being s h i e l d e d by t h e Cu f i l m .
For l a r g e r values of 9, some s t r u c t u r e s t a r t s t o appear both i n R and i n T. This behaviour of R (9) a
t f i x e d h is f a m i l i a r . For r e l a t i v e l y small h , t h e r e i s a d i p near t h e
Cu c r i t i c a l a n g l e , then an i n c r e a s e a s t h e X-rays p e n e t r a t e t h e Cu and a r e r e f l e c t e d by t h e P t followed by a second drop near t h e P t c r i t i c a l angle.
For l a r g e r v a l u e s of h t h e r e a r e K i e s s i g o s~i l l a t i o n s r e p r e s e n t i n g multiple-beam i n t e r f e r e n c e .
The p r e s e n t c a l c u l a t i o n s show t h a t t h e s e two e f f e c t s blend i n t o one another. indicates the angular dependence of the background scattering and fluorescence. The oscillatory structure is absent; this effect has been found with other samples also. The probable reason is that the scattering comes mostly from the Cu film.
Pig. 2 Observed variation of fluorescent (crosses) and reflected (squares) intensity with grazing angle. (a) X-ray energy 50 eV above Pt

Fig.
3. Fluorescence i n t e n s i t y f o r d i f f e r e n t g r a z i n g angles 9 from P t f i l m covered with 500 A Cu. The absorption edge observed i s t h e P t L I I I edge a t 11.56 kev. What is the significance of these results? There is useful information contained in angular scans at fixed energy, if the sample is suspected to be non-homogeneous. Because vc ia so small, measurement of the R(9) curve is not easy. However, to obtain reliable and known control of the penetration depth by varying 9, it is necessary. The fluorescence signal for the present samples had to come from the Pt film. However, the same element could be distributed within a layered structure. Thia is a possibility for the glasses described in 113; a surface layer of different density may be formed. Both the surface layer and the substrate will contain U, the element of interest. If the form of the layering can be established, then suitable values of 9 may be chosen for the measurement required.
Even for non-homogeneous samples it would then be possible confidently to assert that a particular value of 9 corresponded to a certain penetration into the material. 
